II. THEORY
The oxidation of tritium in the catalyst pellet occurs in several steps as follows :
(1) Tritium molecules diffuse through the mass transfer boundary layer from the bulk gas stream to the surface of catalyst pellet. (2) Tritium molecules diffuse through the macro and/or micro pores of the catalyst substrate to reach the surface of precious metal catalyst dispersed in the pellet.
(3) Tritium molecules dissociate on the surface of precious metal catalyst and react with oxygen to form tritiated water.
(4) Molecules of tritiated water diffuse through the macro and/or micro pores of the catalyst substrate to reach the surface of catalyst pellet.
(5) Molecules of tritiated water diffuse through the mass transfer boundary layer from the surface of catalyst pellet to the bulk gas stream. A model of the catalytic oxidation process depends on which mass transfer step controls the overall rate. It is assumed in the previous paper(5) that steps (1), (2) and (3) cannot be excluded in estimation of the overall oxidation rate of tritium where almost no water vapor exists in the bulk gas stream.
Then, the overall capacity coefficient for mass transfer is given by 1/KFa=1/kga+1/bksa+1/kra , ( 1 ) where 11k9a,11plesa and lIkra are mass transfer resistance at the boundary layer on the surface of catalyst pellet, mass transfer resistance at diffusion through pores of the substrate and mass transfer resistance at reaction on the catalyst, respectively, and the specific surface area of the catalyst pellet in bed a is shown by a=6(1-e)/dp,
where dP is the representative diameter of pellet. 
where T is the absolute temperature and A the adsorption potential.
In considering the effect of the water vapor on the tritium oxidation rate, the adsorption performances of water on the catalyst substrate can become a measure in discussion.
The modified Dubinin-Astakov model has been proposed for the water adsorption behaviorm) using the following equation A=RT ln(Ps/P),
where R is the gas constant, Ps the saturation vapor pressure at temperature T and P the vapor pressure in the bulk gas stream.
From the overall capacity coefficient KFa the decontamination factor at oxidation K is obtained as
where Cin means the inlet concentration of tritium in molecular form, Gout the outlet concentration of tritium in molecular form, Vcat the volume of catalyst bed and Q the volumetric gas flow rate.
III Table 2 . It is also shown from Fig. 3 that too high temperature at pre-drying operation gives less oxidation rate.
From these results, the catalyst bed was baked for 3 h at 300dc by the inert gas flow before each measurement in this study.
Tritium Oxidation
Rate under Wet Gas Condition Figure  4 shows the change of HT level in the outlet gas from the Pt-alumina catalyst bed when water vapor is accompanied in the inlet gas stream. The HT level in the outlet gas is rapidly increasing from the value for the dry gas conditions shown by the dashed line in Fig. 4 which is estimated using the equation reported elsewhere(5). This observation indicates that the apparent oxidation rate of tritium is largely interfered with the existence of water vapor in the bulk gas flow. The oxidation rate of hydrogen isotopes is shown in Fig. 6 for the wet gas condition.
The procedure to estimate kr from KF was mentioned in detail in the previous report for correlation of tritium oxidation rate under the dry gas condition(5).
The oxidation reaction rate in the wet gas shown in Fig. 6 gives no isotope effect to give kr=6.1 x 106 exp(-10,700/RT) in cm/s for H2, D2 and HT in wet gas.
The gas-liquid isotope exchange reaction rate which becomes the controlling step of the ceaction rate under the wet gas condition in the ambient temperature range is shown as 
where (kr)ex means the gas-liquid isotope exchange reaction rate of hydrogen isotopes observed for the process gas with H2O vapor. Accordingly, values of (kr)ex should be different in the D2O vapor. As Eqs. ( 7 ( 9 ) are obtained for cases when the adsorption potential A is less than 800 cal/mol, the wet gas condition in this report corresponds to cases when the relative humidity is more than 25%. For cases when A is larger than 800 cal/mol, further examination is required because the apparent oxidation rate of hydrogen isotopes changes with A when A is larger than 800 cal/mol as stated elsewhere by Nishikawa et al. (10) As the oxidation rate in the wet gas for the Pd-alumina catalyst is less than that for the Pt-alumina catalyst though the almost same value in the dry gas, use of the Pdalumina catalyst is not positively recommended for the tritium emergency cleanup system. The similar tendency was obtained also by Sherwood et al. (11) The estimated overall mass transfer coefficients for oxidation of molecular tritium in the wet gas are compared with those in the dry gas in Fig. 7 for the Pt-alumina catalyst. The rate controlling step for the tritium oxidation in the wet gas is the oxidation reaction on the surface of precious metal catalyst even at such elevated temperature as 100dc, though the rate controlling step changes from oxidation reaction to mass transfer through the boundary layer on the catalyst pellet at about 60~80dc in the dry air. As the value of Pk, estimated for HT in the alumina substrate using the equation in the previous report(5) is about 1,500 m/h in the ambient temperature range, bks can be neglected in estimation of KF from Eq. ( 1 ) in the wet gas condition.
Bixel & Kershner(3) gave the following equation for kra to oxidize tritium based on the data at 23 and 177dc in the Pt-alumina catalyst bed without any description about humidity in the processing gas or the initial water content in the catalyst bed. (11) where still no description was given about the humidity or the initial water content in the catalyst bed.
Equations ( 2 ) and ( 7 ) in this report and Eqs. ( 8 ) and ( 9 ) in the previous report (5) give k r HT a for the Pt-alumina catalyst with the same pellet diameter as that used by Bixel & Kershner as follows :
kr ,HTa=6.12x108exp(-10,700/RT) in s-1 in dry gas (12) k, HTa =6.12 x 107 exp(-10,700/RT) in s-1 in wet gas. (13) It is also observed in this study that the other reaction than the reaction of tritium with oxygen (presumably the gas-liquid isotope exchange reaction) is participating when there is some water vapor in the bulk gas stream as known from Figs. 5 and 6. Equations ( 2 ) and ( 8 ) give the following equation for the Pt-alumina catalyst used in the atmosphere where the adsorption potential is smaller than 800 cal/mol, (k T,HT)e.a= 3.2 exp(-500/RT) in s-1, (14) where the same value for the activation energy 500 cal/mol is used as that obtained for the gas-liquied isotope exchange reaction reported elsewhere (10) . Tritium oxidation rate proposed by several authors for the Pt-alumina catalyst are compared in Fig. 8 and no good agreement is observed.
However, it is shown in Fig. 9 that KFa estimated from the results obtained in this study for the wet gas shows good agreement with the experimental data by Bixel & Kershnerm and Sherwood at al.(11) Accordingly, it can be concluded that the processing gas used by them were moist and/or that the catalyst beds in their work were not effectively pre-dryed. It could be mentioned here that Eqs. (13) and (14) cannot be applied for other cases than that where the Pt-alumina catalyst is used in the wet gas. More discussions should be required to make correlations widely valid because the probability of collision of tritium atoms with hydrogen, oxygen or -OH on the surface of precious metal catalyst must be 
Emergency Cleanup System for Wet Gas
It is required to take some proper measures to keep the catalyst bed activity for rapid recovery of tritium accidentally released to the reactor handling atomosphere containing some moisture.
Change of the overall oxidation rate of protium with time under various conditions are compared in Fig. 10 . This figure shows that the decontamination factor for the wet gas gives almost same value for the dry gas when the adsorption potential is larger than some value, 2,000 cal/mol in this study. From this observation the following relief measures are considered in this study to keep the catalytic activity in the wet gas.
(1) Attachment of the dehumidification equipment from the wet gas to give the proper adsorption potential at the inlet of the catalyst bed.
(2) Attachment of the heating installation on the catalyst bed to give the proper adsorption potential by heating in the catalyst bed.
(3) Use of catalyst active even in the wet gas.
(4) Use of large amount of catalyst to overcome decrease in the oxidation rate.
The simplest relief measures, measures (3), cannot be taken at present because no such catalysts having good activity both in dry gas and wet gas have yet been developed.
The precious metal catalysts with hydrophobic substrate studied in this work, Pt-teflon and Pt-SDB catalysts, showed less activity in oxidation of hydrogen isotopes under the wet gas condition than the Pt-alumina catalyst.
Enlargement of the volume of the catalyst bed may also be the simple relief when ten times larger bed volume than that required for oxidation of tritium in the dry gas gives any worse effect on the cost performance and the system operation.
The relief methods to keep adsorption potential larger than some value, 2,000 cal/mol is recommended in this study, are proposed at present. As can be seen from Fig. 11 , two measures are possible to obtain A=2,000 cal/mol from the condition shown by the point (A) in Fig. 11 . One is to heat (A-C) and the other is to do pre-drying (A-B). The former way, however, reduces the advantage of the precious metal catalyst active in the ambient temperature and addition of the heating installation increases the probability of accident in the detritiation system as stated by Carlson(12) . The catalyst bed temperature to keep decontamination factor at 103 or 106, Fig. 10 Change of oxidation rate under several conditions Fig. 11 Adsorption potential, temperature and vapor pressure tk is compared in Fig. 12 and Table 3 . These comparisons also show that the dry gas condition at inlet of the catalyst bed is preferable.
It is shown in Fig. 13 that attachment of the pre-adsorption bed in the upper course of the catalyst bed is effective to keep the catalyst bed activity.
As the pre-adsorption bed with dried adsorption agent does not require the heating operation in case of the emergency cleanup operation, the probability of accident in the detritiation system is not increased, though the pressure drop at the pre-adsorption bed must be taken into account at estimation of the pumping capacity.
The continuous pre-drying operation of the process gas can also be possible by using the system proposed by Kotoh Nishikawa(13) . Water vapor coming into or made in the emergency cleanup system is to be caught by the adsorbent in the system at any rate. As the water vapor from the handling atmosphere is adsorbed on the same adsorbent as that tritium catalytically oxidized is adsorbed, a large amount of dilute tritiated water is discharged at regeneration of the adsorption bed when the measures (2), (3) or (4) is taken.
A large amount of water with little tritium and a small amount of tritiated water, however, are obtained when the measures (1) is taken, because almost no tritium is expected in the pre-adsorption bed when HT is released in the handling area because of the large decontamination factor and because the oxidation rate of tritium in the handling atmosphere without catalyst is expected to be so small.
As a result, such a flow system as shown in Fig. 14 is proposed for the tritium emergency cleanup system in this study. In the system shown in this figure, protium gas is introduced at the catalyst bed inlet not only to certify the oxidation reaction in the catalyst bed and to certify tritiated water adsorption in the adsorption bed in the lower course of the catalyst bed but also to utilize the heat of reaction to heat up the precious metal catalyst.
As the adsorption capacity of water, g-water/g-adsorbent,
for the Pt-alumina catalyst is about onethird of that for the activated alumina at the same adsorption potential as reported by Nishikawa et al.", tritium in the catalyst bed is Tcat= TrelWcat/(Wcat+3Wad), (15) and tritium in the adsorption bed is Tad= 3TrelWad/(WCat +3Wad), (16) The flow system having the pre-dryer is proposed for the tritium emergency cleanup system.
[NOMENCLATURE]
a : Specific surface area (m /m3) A: Adsorption potential(cal/mol) C: Concentration (Ci/m3) or (mol/m3) dp: Representative particle diameter (m) E: Specific energy of adsorption (cal/mol) kex : Reaction rate coefficient due to gas- 
